Introduction
From April 20 through July 15, 2010, approximately 4.93 million barrels of crude oil spilled into the Gulf of Mexico (GOM) from the British Petroleum (BP) Macondo-1 (M1) well (Operational Science Advisory Team, 2010) , exceeding any previous oil spills in U.S. waters, as referenced by Wolfe and others (1994) and Bence and others (1996) . Chemical dispersants (1.84 million gallons) were applied to the surface oil and at the well head. In response to the potential threat of oil and dispersants to sensitive habitat along the shores of the GOM, the U.S. Geological Survey (USGS) collected nearsurface beach and coastal sediment along the shores of the northern GOM (nGOM) from Texas to Florida before oil made landfall. Selected sites represented wetlands, shorelines, and barrier islands. The purpose of this study was to document baseline benthic infaunal community conditions before the oil made landfall.
Monitoring of macrobenthic communities is important for oil spill impact assessments because benthic invertebrates have relatively long and stable lifespans, they respond quickly to stress, they are vulnerable to the effects of sediment contamination, and they assimilate contaminants over time (Gray and others, 1990; Kingston, 1992; Dauer, 1993) . The effects of oil pollution on macrobenthic communities, including those in the GOM, have been extensively reported in the literature (Cabioch and others, 1978; Sanders and others, 1980; Gray and others, 1990; Rakocinski and others, 1998) , emphasizing the importance of establishing pre-oil spill impact baseline conditions for impact assessment studies.
This study complements research conducted by other USGS scientists examining sediments and water samples for oil, trace metals, dispersant (Corexit TM surfactants), organic carbon characterization, bacterial populations responsible for oil degradation, nutrients, and toxicity of pore water collected from the same stations (Wilde and others, 2010) . A site map of the sampling locations is given in Wilde and others (2010).
Methods Sampling
Pre-oil spill sediment samples were collected using a polycarbonate tube core (6.5-centimeter (cm) diameter) inserted into the sediment to a depth of 5 cm, and the material was placed into pre-labeled plastic bags prior to freezing. Benthic community sampling was conducted at 56 sites distributed in Texas (10 sites), Louisiana (15 sites), Mississippi (9 sites), Alabama (10 sites), and Florida (12 sites), including beaches (41 sites) and wetland (15 sites) habitats (table 1) .
Sediment Analysis
Sediments were frozen immediately after collection. In the lab, thawed sediments were sieved through a 0.5-millimeter (mm) mesh sieve to remove fine sediment. Benthic macroinvertebrates were sorted under a dissecting microscope, identified, enumerated, and placed into vials containing 70 percent ethanol so that the material could be retained as preserved vouchers. 
Statistical Analysis
Conventional statistical analyses were performed using MINITAB version 16.2.1. Metrics from datasets with and without zero-abundance samples were tested for significant differences of the means among States with analysis of variance (ANOVA) after testing the data for normality and equality of variances. Medians of the metrics from the same datasets were tested using the Mann-Whitney test, the Kruskal-Wallis test, and the Mood's Median test. A p-level of 0.05 was used as the criterion for statistical significance.
Macrofaunal diversity was examined with PRIMER Statistical Software version 6.1.8 (Clark and Gorley, 2006) using species richness (S, number of species), normalized species richness per core (Margalef's d=S-1/ln (N), where N is the number of individuals), Shannon-Wiener index (H', log base 2), and evenness (J') per core. Similarities and differences in macrofaunal communities were examined using hierarchical cluster analysis and nonmetric multidimensional scaling (MDS) ordination, based on Bray-Curtis similarity indices. MDS ordination was performed with the Kruskal fit scheme 1; 1,000 restarts were performed, and the minimum stress level was set to 0.01. The PRIMER one-way ANOSIM procedure was performed to test for differences among States and habitats (sand versus marsh). In addition, a two-way nested design was used, with habitats nested within States.
The PRIMER SIMPER procedure was applied to determine those taxa that contributed most to the significant differences among groups tested when ANOSIM found significant differences between groups. Values of the ANOSIM r statistic were calculated for the global test between groups, also known as the Global r. The cut-off percentage was set at 80 percent for these analyses. These taxa were tabulated for the significant comparisons among States.
Initially, all data were included in statistical analyses, including data from 24 stations for which no organisms were recovered upon sorting. Alabama had the fewest samples without organisms (1); Mississippi had 4, Florida and Texas both had 5, and Louisiana had 9 samples containing 0 organisms. Because inclusion of these samples can inappropriately assign similarities to samples with zero-abundance data for no legitimate reason (Clark and Warwick, 2001) , samples containing no macroinvertebrates were excluded from the similarity matrix, MDS, and ANOSIM analyses. At stations FL-6, FL-16, FL-21, AL-2, LA-23, LA-31, MS-45, and TX-51 multiple core samples were collected within a station and therefore were considered pseudoreplicates. Statistical analysis of pseudoreplicates was treated as follows: average values were calculated for macrofaunal abundance, diversity, and evenness, and these averages were used for the site data in the overall PRIMER analysis (ANOSIM, Cluster, Bray-Curtis similarities). In addition, within stations, small scale variability was calculated from these pseudoreplicates.
Results
Thirty-three macroinvertebrate taxa were identified in the study collections (table 2). Mean abundances of benthic invertebrates were greatest at the Mississippi stations (table 3, fig. 1 , 38.9 ± 23.9 individuals per 32 cm 2 , range: 0 to 186), while Texas had the lowest abundances, 4.9 ± 3 individuals per 32 cm 2 (range: 0 to 25). There was a great deal of variation in the abundance data among and within sites, several having zero taxa in each core (appendix 1). Communities were composed of Annelida, Arthropoda, and Mollusca, but proportional contributions of each group varied by State ( fig. 2) . Number of taxa per core ranged from 0 to 12 (appendix 1). Margalef's richness (d) and Shannon-Wiener diversity (H') were highest at Louisiana and Mississippi stations and lowest at Texas sites (0.1± 0.1, table 3). Evenness (J') was low for all the States, ranging from 0.2 to 0.3.
Descriptive statistics are presented for metrics in total and among States from datasets with and without zero-abundance samples in appendix 2. For the dataset including zero-abundance samples, no significant differences were found for the means and the medians. Data were not normally distributed, and results for the tests for equal variances were mixed. When zero-value samples were excluded from the data, the distributions became generally closer to normality. None of the comparisons of the medians for this dataset were significant. It is Average similarity among stations within each State ranged from 11.1 percent (Mississippi) to 41.1 percent (Louisiana). Low among-station similarity within States suggests high variability in benthic community composition, possibly a result of among-station differences in physical conditions including wave exposure and salinity (Rakocinski and others, 1998). Clear groupings by habitat were observed in the cluster analysis for the following sites: FL-26, LA-24, LA-33, and LA-34 ( fig. 3) . While ANOSIM comparisons of the macrofaunal assemblages were significant when using State (Global r = 0.154, p=0.005) and habitat (Global r =0.335, p=0.001) as a factor, the low Global r value (<0.4) indicates that separation between groups (States or habitats) is small. However, when habitats (marsh, sand) were nested within States, ANOSIM was significant, (Global r = 0.688, p = 0.002) and the high Global r indicates that there is a large separation among groups. Overall, the sand group had higher abundances of the amphipod Haustorius jayneae and the clam Donax variabilis, whereas the marsh group had higher abundances of the isopod Cirolana parva and the polychaete Heteromastus filiformis, representing 50 percent of community differences observed. FL-7 and TX-52 were two marsh sites distinct from the others ( fig. 3) , due to the presence of different organisms (Heteromastus filiformis and the polychaete Hypereteone heteropoda for FL-7) and unidentified polychaetes of the family Nereididae (TX-52). Station FL-7 represented a mixture of sand and marsh habitat, and this habitat heterogeneity may have been responsible for the community differences observed. Several stations in Alabama clustered together ( fig. 3 , 5, 6, 7, 8) , all due to the presence of unidentified Spionidae polychaetes.
Analysis of pseudoreplicate cores yielded insight into small scale variability in the benthic communities at a subset of stations. Cores from stations AL-2, FL-6, LA-31, and TX-51 produced non-zero-abundance data, and similarity was the highest among pseudoreplicate cores collected from TX-51 (67.4 percent similarity) and lowest for FL-6 (26.2 percent). Results suggest a great degree of within-station, small-scale (< 1 meter) spatial heterogeneity in the benthic communities.
Conclusions
Various physical factors can influence the structure of nearshore macrobenthic communities, including wave disturbance, sediment transport, changes in temperature, and salinity (Rakocinski and others, 1998; McLachlan and Brown, 2006) , resulting in distinct sandy-shore assemblages (Rakocinski and others, 1991) . Macrobenthic responses to these physical factors, including changes in density, diversity, composition, and dominance, also vary across different spatial scales, from meters to regional levels (Morrisey and others, 1992). Dominant organisms may be distributed in patches or aggregations where density is very high, adjacent to areas with few individuals. These aggregations may be physically or behaviorally mediated (McLachlan and Brown, 2006) . Sediment samples were collected at 56 stations along the northern Gulf of Mexico coastline for benthic community analysis prior to oil reaching landfall. Twenty-four out of 64 cores had 0 infauna. MDS and cluster analysis of the cores with non-zero-abundance data revealed distinct groupings, particularly by habitat. Macrofaunal densities and diversity patterns were consistent with those published from Gulf of Mexico beaches (Rakocinski and others 1991; 1998) . Differences in macrobenthic metrics observed within States across stations in this study may be related to different physical conditions present and the macrobenthic response at each of the stations sampled. Although this report did not address sediment chemistry, chemical factors can also influence the structure and abundance of benthic organisms. Results of this study provide the critical baseline information for future comparisons with post-oil spill community metrics. Table A1 . Descriptive statistics for all state data, combined. Pseudoreplicates are given as separate records and zero-abundance samples are included. 
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